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ABSTRACT 

A f i n a l  c o n t r a c t  b r i e f i n g  on a " S t e r i l i z a b l e  L i q u i d  

P r o p u l s i o n  System" vdas p r e s e n t e d  b y  t h e  i ' I a r t i n - V a r i e t t a  Corp.  

i n  Denver ,  Colorado  on Yarch 7 ,  1968. 
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c o n t a i n e d  l i q u i d  b i - p r o p e l l a n t  p r o p u l s i o n  s y s t e m  and e x p o s i n g  

t h i s  s y s t e m  to t h e  s t e r i l i z a t i o n  c y c l e .  
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MEMORANDUM FOR FILE 

DI S C U S  :: I ON 

The w r i t e r s  a t t e n d e d  t h e  f i n a l  b r i e f i n g  o f  a 
" S t e r i l i z a b l e  L i q u i d  P r o p u l s i o n  System" ( J P L  951707) by t h e  
M a r t i n - M a r i e t t a  Corp. a t  Denver,  Co lo rado  on  March 7 ,  1 9 6 8 .  
The o b j e c t i v e  of  t h e  e x p e r i m e n t a l  c o n t r a c t  was t o  d e m o n s t r a t e  
t h e  f e a s i b i l i t y  of  h e a t  s t e r i l i z i n g  a f u l l y  l o a d e d  l i q u i d  p ro -  
p u l s i o n  module (LPM) i n t e n d e d  f o r  p l a n e t a r y  l a n d i n g s .  

The s t e r i l i z a t i o n  c y c l e  c o n s i s t e d  o f  s i x  29-hour c y c l e s  
o f  e t h y l e n e  o x i d e  (ETO) d e c o n t a m i n a t i o n  a t  122OF and 5 0 %  r e l a t i v e  
h u m i d i t y .  T h i s  was f o l l o w e d  b y  s i x  76-hour c y c l e s  o f  d r y  h e a t  
s t e r i l i z a t i o n  a t  275OF. The e n g i n e  f i r i n g  was conduc ted  a t  room 
t e m p e r a t u r e .  The c o n t r a c t  i n c l u d e d  ( a )  a c o m p a t i b i l i t y  t e s t  p ro -  
gram, ( b )  e v a l u a t i o n  of  f l i g h t - t y p e  components ,  ( c )  a b u i l d - u p  
of  a f l i g h t - t y p e  LPM around a 1 0 0  l b s .  t h r u s t  Marquard t  e n g i n e  and 
( d )  a sea l e v e l  f i r i n g  o f  280 s e c o n d s  d u r a t i o n .  

A s c h e m a t i c  o f  t h e  LPM i s  shown i n  F i g u r e  1 w h i l e  F i g u r e  
2 shows a p h o t o  o f  t h e  module. The LPM used  n i t r o g e n  t e t r o x i d e /  
nionomethyl h y d r a z i n e  (NTO/MMH)  p r o p e l l a n t s  s t o r e d  i n  s p h e r i c a l  p ro -  
p e l l a n t  t a n k s .  High p r e s s u r e  g a s e o u s  n i t r o g e n  was u s e d  for p r o -  
p e l l a n t  e x p u l s i o n - - t h e  NTO t a n k  u s i n g  a p o s i t i v e  d i s p l a c e m e n t  d i a -  
phragm and the  MMH t a n k  a s u r f a c e  t e n s i o n  s c r e e n .  The program was 
c u l m i n a t e d  w i t h  a s u c c e s s f u l  f i r i n g  i n  a one  "g" ( p o s i t i v e )  f i e l d  
w i t h  a l l  components ope i - a t ing  s a t i s f a c t o r i l y .  

The s i g n i f i c a n t  r e s u l t s  o f  t h e  program can  b e  d i v i d e d  
i n t o  t h r e e  areas: 

c o m p a t i b i l i t y  of m a t e r i a l s  w i t h  

( 2 )  c o m p a t i b i l i t y  o f  p r o p e l l a n t s  w i t h  materials,  and 

( 3 )  component and f u l l  module t e s t i n g .  
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1. Ti t an ium and t i t a n i u m  a l l o y  6 A1-4V dere t h e  o n l y  
x e t a l s  c o m p a t i b l e  L r J i t l i  b o t h  p r o p e l l a n t s .  Almost a l l  m a t e r i a l s  
were c o m p a t i b l e  witL] ~'Ii!!III. 

2 .  S t a i n l e s s  s t e e l s  a r e  c o m p l e t e l y  u n a c c e p t a b l e  f o r  use 
di t11 JJm. 

3. T e f l o n  T € ' Z  and FEP were t h e  o n l y  non-n;ietals c o 9 p a t :  111~3 
.ilritLi bo t , ]  p r o p e l l a n t s .  

PROPLLLANTS C3,4PATIBILITY 

1. .J'I'c) i s  h i g h l y  r e a c t i v e  and wnen exposed  to a n  incom- 
p a t i b l e  m a t e r i a l  ;vi11 c a u s e  the f o r m a t i o n  o f  s o l i l l  p r o d u c t s  -JJhich 
i v i l l  i m p a i r  component f u n c t i o n s .  

2. ?JTO i s  c h e m i c a l l y  s t a b l e  a t  275('F sho;ving no t e n d e n c y  to 
3ecoLnpose.  

3.  Tne u s e  of  Apol lo  s p e c .  g r e e n  ;IT0 ( 0 . 4 j l  qinirnurn !IO) i s  

4. 

n e c e s s a r y  to i n s u r e  t h a t  s t r e s s  cracking-  o f  t i t a n i u m  does n o t  o c c u r .  

:VIH i s  r e l a t i v e l y  s t a b l e  a t  275'F bvith o n l y  a small  amount 
o f  d e c o m p o s i t i o n  s l o w l y  tak ine ;  p l a c e .  Tne p r o p e l l a n t  s t i l l  r e n a i n e d  
iv i t i i in  m i l i t a r y  s p e c i f i c a t i o n  r e q u i r e m e n t s .  

COMPONENT AND FULL XODULE TESTING 

1. All components degraded  somew:iat d u r i n g  s t e y i l i z a t i o n  
e x c e p t  t h e  t n r u s t  cnarrber v a l v e s .  Adequate f i x e s  were f o u n d ,  
however ,  to a l l o d  f u l l  module b u i l d - u p  and t e s t i n g .  

2 .  The module was s u c c e s s f u l l v  f i r e d .  The c o r r e c t e d  a l t i t u d e  
t h r u s t  was 109 1'0s compared w i t h  t h e  t a r g e t  o f  1 0 0  l b s .  
s p e c i f i c  i m p u l s e  was 294 s e e ,  t h e  nominal  for a n o n - s t e r i l i z e d  chamber .  

were 800 p s i a  i n  t h e  NTO t a n k  and 80 p s i a  i n  thp Y V H  tan;;. 

The d e l i v e r e d  

3 .  :laximum t a n k  p r e s s u r e s  d u r i n g  the s t e r i l i z a t i o n  p r o c e s s  

CONCLUSIONS 

9 a s e d  on  t h e s e  e x p e r i m e n t a l  r e s u l t s ,  i t  would s e e n  t h a t  
t ,re s t e r i l i z a t i o n  c y c l e  imposes s e v e r e  d e s i g n  and f a b r i c a t i o n  re- 
s t r a i n t s  on L P P I ' s .  P r i v a t e  c o n v e r s a t i o n s  w i t h  D r .  D .  Dipprey  o c  
J P L  r e v e a l e d  t h a t  some s e r i o u s  thougklt i s  b e i n q  made to r e d u c e  t h e  
s e v e r i t y  o f  t h e  r e q u i r e n e n t s .  
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A s i g n i f i c a n t  f a c t  t o  b e  n o t e d  a b o u t  t h i s  s t u d y ,  IIOW- 

e v e r ,  was t h e  a p p r o a c h  t a k e n - - t h a t  of b u i l d i n g  a s e l f - c o n t a i n e d  
f l i g h t - t y p e  LPM t o  w i t h s t a n d  t h e  s t e r i l i z a t i o n  c y c l e .  
p l i c a t i o n  o f  t h i s  j z s i g n  p h i l o s o p h y  i s  t h a t  t h e  p r o p c l s i o n  s t a s e  
and hence the p l a n e t a r y  probes  must pay t h e  l a r g e  t a n k  we igh t  
p e n a l t y  b e c a u s e  o f  t h e  h i g h  t a n k  p r e s s u r e s  o c c u r r i n g  d u r i n ?  t h e  
s t e r i l i z a t i o n  c y c l e .  

T h e  i r ? -  

An a l t e r n a t e  s t e r i l i z a t i o n  scneme would b e  t h e  s t e r i l i -  
z a t i o n  o f  t h e  p r o p e l l a n t s  i n  a heavyweigh t  t a n k  f o l l o w e d  by t h e  
t r a n s f e r  of  s t e r i l i z e d  p r o p e l l a n t s  t o  t h e  s t a g e  which  is s i rnul -  
t a n e o u s l y  s t e r i l i z e d  d r y .  
w e i g n t  p e n a l t y  i s  l e f t  on t h e  g round .  
b e  d e s i g n e d  w i t n  h i g h  mass f r a c t i o n s  and  s i g n i f i c a n t l y  b e t t e r  pe r - -  
formance .  

With t h i s  t e c h n i q u e ,  t h e  s t e r i l i z a t i o n  
P l a n e t a r y  p r o b e s  c a n  t h e n  

PROPULSION R E S E A R C H  B R I F F I N G  

I n  a d d i t i o n  t o  t he  s t e r i l i z a t i o n  s t u d y ,  a p r o p u l s i o n  
r e s e a r c h  b r i e f i n g  by M a r t i n  was p r e s e n t e d  on:  

1. Sumnary of  zero-g  work - d r o p  t o w e r  e x p e r i m e n t s ;  

2 .  Summary of a "Vent Free F l u o r i n e  P r o p u l s i o n  S y s t e m " ,  
LH,/LF2 e x p e r i m e n t a l  c o n t r a c t  ( c o n f i d e n t i a l ) ;  

3 .  S t a t u s  o f  t h e  monoprope l l an t  h y d r a z i n e  t r a n s t a g e  
a t t i t u d e  c o n t r o l  sys t em deve lopmen t ;  

4. Summary o f  e n g i n e  plume s t u d i e s  f o r  impingement 
i n t e r a c t i o n s  i n  s p a c e .  

A copy o f  t h e  c h a r t s  and  o t h e r  d e s c r i p t i v e  mater ia l  i s  
a v a i l a b l e  f rom t h e  w r i t e r s  ( M a r t i n  Document DE--22-15-1.4).  

C .  Bendersky  
i 

A .  E.  Marks 

At t achmen t s  
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